The temperate phage Mu-I is very prone to integration within other DNAs. During its lytic cycle, it integrates at random in the chromosome, the plasmids, or other prophages of its host, and even Mu DNA extracted from viral particles consists of a phage genome integrated into a small piece of host DNA (for review, see 4).
Integration of Mu requires one site on its own genome and the product of the phage gene A. The target site used for integrative recombination seems to result from some kind of as yet unidentified interaction(s) between the ends of the Mu genome.
When infecting a sensitive host, or after induction, Mu can also stimulate rearrangements in the chromosome of its host: it causes fusions with other circular DNAs where the newly integrated DNA is surrounded by two Mu genomes in the same orientation (8, 9, 31, 33) ; translocations, where translocated DNA fragments are sandwiched between two Mu prophage similarly oriented (10, 11); and inversions, where the inverted sequences are surrounded by two Mu's in opposite orientation (Faelen et al., submitted for publication). The presence of Mu DNA at the site of the rearrangement shows that Mu DNA directly participates in these illegitimate recombination events, which are all Mu gene A dependent and recA independent (7, 31) .
In this paper we describe the properties of Mu-induced deletions. It is already known that infecting Mu can stimulate the formation of deletions in the host chromosome and that a Mu prophage is inserted at the site of the deletion (6 Bacteria. Bacterial strains used are listed in T'able 1. Media. L broth (20) was used for the cell cultures. Bacteria and Mu and lambdoid phages were titrated on L agar. Bacterial dilutions were made into 10 2 M MgSO4; phages were diluted in SM buffer (34) . Factors required by the cells to grow were determined on suitably supplemented minimal medium 1:32 (13) . Soft agar was T broth (16) with 0.7'% agar. Gal' Chl' deletions were selected on McConkey agar containing l. galactose and 0.2% KClIO. (20) , and the trp+ clones were tested for the tonB marker and the Mucts62 prophage.
Analysis of Galr Chl' mutants. Isolated Gal' Chl' clones grown at 30°C were resuspended in drops of 10 2 M MgSO. Production of Mucts62 particles was assayed by spotting the cells on a lawn of C600 (Xc+) at 37°C. Lambda immunity was tested bv cross-streaking the cells with phage AcI at 30°C. Mu immunity was assayed by spotting dilutions of MPhl onto lawns of the bacteria to be tested and incubating the plates at 30°C. The presence of the bio, nad, and suc genes was examined by spotting the mutants onto minimal medium supplemented with glucose (1%), proline (80 ,ug/ml), and biotin (1 jg/ml), nicotinic acid (1 ,ig/ml), or succinate (80 tig/ml), or different combinations of these three substances. Deletion of aroG was investigated by testing the cells on minimal medium supplemented with tryptophan (80 Ag/ml), tyrosine (80 ig/ml), and the various factors required for growth of the mutated bacteria. The test for the pgl gene was made according to Kupor and Fraenkel (18 37°C . Under these conditions the prophage is partially induced, and about 50% of the induced bacteria survive the thermal induction (10). Table 2 shows that the Mu single lysogens gave roughly 100 times more resistant clones than either the Mu-sensitive control or the derivatives with a Muc+ prophage. Some resistant colonies generated by RH3702 and RH3703 were purified for analysis. None of them produced 80 particles (see Table 3 ), although some of these clones retained the t80 immunity. Since the 480 genome was inserted close to the left side of the tonB gene in the parental strain, we concluded that the mutants were indeed deletions of the tonB region extending at least into the 080 prophage, some of them having the t80 immunity region intact and others not. These deletions did not extend into the cysB gene, which is located on the opposite side of the trp operon (2) . All of these mutants still produced Mucts62 particles upon induction. Location of the prophage in the tonB-trp area was determined as described in Materials and Methods; when transduced to trp+, the deleted clones regained sensitivity to 480vir and lost their Mucts62. Therefore, the Mucts62 genome must be closely linked to both the trp operon (as is the Mucts62 prophage in the parental strain) and the deletion. Thus, tonB deletions isolated from strains having a Mu in the negative or positive orientation in trp are of the same type and seem to always have one end located between the tonB gene and the genome of the Mucts62 prophage. We previously described the stimulation of tonB deletions by a Mucts62X prophage inserted in the trp operon (7 (2) . Simultaneous loss of the gal and chlD functions was stimulated by growing at 370C recA lysogens carrying a Mucts62 prophage inserted between genes F and K of a X prophage (RH3708, Table 4 ). Some of these Gal' Chl' clones were characterized and were shown to have lost the bacterial pgl gene and the X genes cI, P, R, and F (see Fig. 1 ). Some of them retained the aroG and nadA genes, whereas others showed an Aroor Aro-Nad-phenotype. All clones still contained the X genes K to J and a complete Incidence of the prophage location on the frequency of deletion formation. In the two experiments described above, we looked for deletions of genes closely linked to the Mu prophage. We also tested the ability of a Mu prophage to mediate deletions in trans, bv measuring the frequency of Gal" Chl' deletions in a strain lvsogenic for Ac' carrying an FlacI::(Mucts62) pro episome (RH3709, see Table 4 ). In these experiments, after growth at 37°C, Gal" Chl' clones were recovered at a frequency of 2 x 10-, i.e., about 10 times higher than in the Mu-sensitive strain but about 25 times lower than in the strain which carries the Mucts62 in Ac+. Forty Gal Chl' clones derived from RH3709 were purified and tested. They can be assigned to nine different classes according to their respective end points (Fig. 2) clones were cured of their F' episome, and all were found to still produce Mucts62 phages, showing that they contain a Mu prophage outside the episome. Location of that new prophage next to the deleted region was demonstrated by P1 transduction of the Gal' Chl' region in rec+ derivatives of those clones; transduction of the gal' allele invariably resulted in the rescue of the deleted markers and loss of the Mu prophage. To test whether insertion of the Mu genome next to the deleted region was accompanied by the excision of the Mucts62 prophage from the F' episome, the episome of some of the deleted derivatives was mated at 30°C into a A(lac-pro) Sm' recipient. Pro Sm' sexductants were tested for inheritance of the Mucts62 genome. All episomes tested still carried an intact Mu prophage, showing that the deleted clones had conserved an intact Mu genome at the original location, besides the transposition of a prophage near the deleted region. In previous experiments we found that a Mucts62X prophage generates deletions in cis at the same efficiency as a Mucts62 (7), showing that MuX expresses all the functions required for the induction of deletions. The ability of Mucts62X to mediate deletion formation in trans was measured by looking for Gal' Chl' deletions in a strain lysogenic for Ac-carrying an FlacI::Mucts62X pro episome. Results in Table 5 show that MuX provokes deletions at 1/500 the frequency of a (27) (32) , that both ends of Mu DNA are involved in the process of Mu-induced deletion formation. 
